Background: Information about the contribution of chronic conditions to disability in the sub-Saharan African older persons is derived from implicit data. We investigated the association of chronic conditions with incident and persistent disability among community-dwelling elderly Nigerians. Methods: We followed disability-free participants in a household cluster randomized sample of 2,149 Nigerians, aged 65 years or older, in three waves over 5 years (2003)(2004)(2005)(2006)(2007)(2008)(2009). Disability was measured using culturally adapted tools. Dementia and depression were ascertained using validated interviewer-administered measures. The presence of pain in six sites, angina, systemic hypertension, diabetes, heart and respiratory disease, and vision and hearing impairment were assessed using standardized self-report of clinician diagnoses. Independent predictors of disability were investigated using separate multivariate binomial and multinomial regression models with Bonferroni corrections. Results: Among 1,887 disability-free participants, 457 (24.2%) had incident disability over 5 years; there were 234 (12.4%), 177 (9.4%), and 106 (5.6%) new cases in each of the waves. A total of 181 (10.0%) persons had disability persistently. Having a pain condition (relative risk ratio [RRR] = 4.7, 95% confidence interval [CI] = 2.0-11.0), especially when nonlocalizing (RRR = 1.5, 95% CI = 1.0-2.2), was the main predictor of incident disability in the study. Dementia was associated with cumulative deaths over 5 years (RRR = 3.5, 95% CI = 2.3-5.3). There were no significant associations between having a chronic condition and persistent disability following correction for false discovery rates. Conclusion: Using direct measurements, musculoskeletal pain appears to be the most disabling condition in this sub-Saharan African elderly cohort surviving for up to 5 years with chronic conditions. Dementia may be associated with early death.
The 1990 projections from the World Health Organization (WHO) Global Burden of Disease (GBD) studies (1) suggest that by 2020, an older person living in low-and middle-income countries (LMICs) can expect to spend 50% of their remaining life in disability. Improved data in 2012 (2) and 2015 (3) have not led to a substantial change in the earlier forecast. However, these recent calculations now suggest that the global and regional impact of some conditions, such as dementia and musculoskeletal pain, on disability in older people may have been underestimated previously.
The GBD studies are based on implied, rather than measured, disability indicators extrapolated mostly from studies of incidence and duration of the relevant diseases from across many countries (1) . Epidemiological studies estimating the impact chronic physical and neuropsychiatric conditions on directly measured disability in the elderly in LMICs, especially those in sub-Saharan Africa, are growing, but still relatively few (3, 4) . Therefore, extrapolating results derived from a global pool of studies to LMICs may mask the true state of the experience of older people living with a chronic condition in those countries. Key information from studies of the associations of chronic conditions with measured disability in LMICs is presented in Supplementary Table 1 .
An earlier report examining the cross-sectional association of a number of chronic health conditions on self-reported disability suggests that, compared with several physical health problems, depression was associated with a higher level of disability among community elderly Nigerians aged 65 years and older (5, 6) . That report however did not examine disorder-specific associations of these conditions with new onset or persistent disability. In the present report, we followed the same cohort of elderly Nigerians, who were participants in the Ibadan Study of Aging (ISA), for about 5 years, thereby taking advantage of increased accrual of information. We aimed to estimate the association of several chronic medical, neuropsychiatric, and pain conditions with incident and persistent disability measured using culturally validated tools.
Methods
Sample Selection, Recruitment, and Follow-up
The ISA is a multiwave community-based investigation of the health and well-being of elderly persons living in households spread across the Yoruba speaking communities in South-Western Nigeria. Its methodology has been fully described (7) . Briefly, individuals were selected using stratified multistage cluster sampling from eight contiguous states in South-Western Nigeria, inhabited by about 22% of the national population at the time of the study. From 15 strata, based on state and urban versus rural locations, 43 Local Government Areas were selected as primary sampling units. Four secondary sampling units, each consisting of 50-70 housing units, were systematically selected from each primary sampling unit (172 secondary sampling units in total). A census was then conducted within each of the selected secondary sampling units to identify households with persons aged 65 years or older. A random sample of 17 households with at least one such person was selected from each secondary sampling unit. For households with multiple eligible individuals (aged 65 years or older and fluent in Yoruba-the local language), one prospective respondent was selected using a Kish grid (8) . Up to five possible calls were made to contact the selected individual for assessment and there was no replacement for those who could not be contacted or who refused to participate in the study. 
Measures
We describe only the assessments in the ISA data collection protocol (7) that are the focus of the present study.
Participants were asked about their age in years, marital status, and the number of years of completed education. We used an inventory of 21 household and personal items such as chairs, radio, television sets, cookers, and iron to classify the socioeconomic status of the participants. Each participant's status was determined by relating the number of their household possessions to the median number of possessions of the overall sample. Thus, a respondent's economic status was classified as low if the number of possessions was less than or equal to 0.5 of the median, low-average if it was greater than 0.5-1.0, high-average if more than 1.0-2.0, and high if more than 2.
Measurement of Disability
The Katz Index of Independence in Activities of Daily Living (9,10) was used to assess the ability of the ISA participants to perform activities of daily living independently. It rates the participants' functional status by the adequacy of performance of six functions: bathing, dressing, toileting, transferring, continence, and feeding.
Instrumental activities of daily living was evaluated by the ability of the participants to perform seven functions in the following areas: climbing a flight of stairs, reaching above the head to carry something weighing about 4.5 kg, stooping, gripping small objects with hands, shopping, and activities such as sweeping the floor with a broom or cutting grass. These adapted (11, 12) seven items are similar to those described in the International Classification of Functioning, Disability, and Health (ICF) (13) . Each of the activities in the two domains was rated: (i) can do without difficulty, (ii) can do with some difficulty, (iii) can do only with assistance, and (iv) unable to do activity. We classified as disabled, any respondent with a rating of 3 or 4 on any item. A subgroup of 37 respondents was assessed twice, about 7 days apart, to assess test-retest reliability of these disability markers. Agreement was generally very good to excellent, with a κ range of 0.65-1.0. Both instruments were translated into the local Yoruba language using the iterative backtranslation method. As part of the translation process, they were subjected to cultural adaptation. Thus, for example, in describing 4.5 kg in the functional assessment, a tuber of yam (a local staple) of such weight was used.
Ascertainment of Chronic Conditions
Depression was assessed with the fully structured WHO Composite International Diagnostic Interview (CIDI) (14) . Diagnosis was made on the basis of the criteria of the Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV) (15) .
For a diagnosis of probable dementia, the adapted 10-Word Delayed Recall Test learning list (10-WDRT) was used to screen at baseline and follow-up. For the learning phase of this test, a list of 10 words, adapted as previously described (16) , was read to the participant, who was then asked to list all of the words that they could remember. The test was repeated for a total of three administrations to allow for adequate learning. After approximately 5 minutes, participants were requested to repeat as many of the words as they could recall. A diagnosis of probable dementia was made at baseline in persons who were unable to recall two or more items.
Vision was assessed with the use of self-report questions derived from the WHO multicountry World Health Survey questionnaire (17) . Respondents were asked whether "in the past month, and with the use of spectacles, if they wore any, they had difficulty in seeing and recognizing somebody known to them, across the road" (distant vision) or "reading/seeing something held at arm's length" (near vision). Possible responses were: no difficulty, some difficulty, and marked difficulty. In this report, persons with marked difficulty are classified as being visually impaired. For hearing impairments, respondents were asked to give a "yes" or "no" response to questions about whether they had "difficulty hearing clearly." For this purpose, interviewers were also required to complete a set of questions reflecting their observation on the participants during the entire ISA interview. One of the items was whether difficulty of hearing had been noted.
Other chronic medical or pain conditions were assessed using a checklist (18) . Respondents were asked whether, in the previous 12 months, they had any chronic respiratory conditions (asthma, tuberculosis, and other causes of chronic cough), cardiovascular conditions (high blood pressure or heart disease), angina, and diabetes mellitus. The presence of chronic pain, which was a persistent pain present most of the time for a period of 6 months or more during the previous year, was also ascertained. These included pains in different sites-such as back or neck, chest, stomach or abdomen, joints, headaches, and a residual category of pain which may be nonlocalizing.
Statistical Analyses
Elderly persons who had no disability at baseline (2003/2004) constituted the sample for this analysis. A participant was considered to have been followed up successfully in each of three waves (2007, 2008 , and 2009) if they were located and re-assessed for disability. An individual with disability in a preceding wave was excluded from the succeeding wave in exploring incident disability. The characteristics of individuals who were successfully followed up to 2009 were compared with the characteristics of those who were not followed to this end point using the chi-squared test for categorical variables.
We examined the associations between the presence of a chronic condition in 2003/2004 and incident disability during follow-up through multinomial regression models using the entire disabilityfree participants at baseline. Not having a disability at any of the follow-up waves (2007, 2008, and 2009 ) was the reference outcome category in each model, while all new onset disability, death, and loss to follow-up were the other outcome categories.
Similarly, we conducted three sets of multinomial regression analyses, one set for incident disability in every wave of follow-up. For these analyses, not having a disability in each wave (2007, 2008, and 2009 ) was the reference outcome. Age, sex, residence (urban, semi-urban, or rural), educational attainment, and economic status were included as covariates in all models. The exponentials of the coefficients in the multinomial regression analyses, denoted as the relative risk ratios (RRRs) by convention (19, 20) , represent the risk of the outcome between those with and those without chronic conditions at baseline.
Next, we investigated the relationship between having a chronic condition at baseline and having persistent disability throughout the follow-up waves (2007, (2008) (2009) ). Persistent disability was defined as having disability for the first time in the 2007 wave and having the same or higher ratings of disability in the 2008 and 2009 waves. For this objective, we conducted a multiple logistic regression analysis with persistent disability as the dependent variable. Age, sex, residence, educational attainment, and economic status were also included as covariates in the model. Odds ratios with 95% confidence intervals (CIs) for this analysis are presented.
Data were analyzed using Stata version 13.0 (21). The "svy: mlogit" and "svy: logit" commands were used for the analyses, and a level of alpha less than .05 was set to control for family-wise Type I error rate using the simple Bonferroni corrections. For the corrections, tests involving pain (18 comparisons) were considered one family in each regression model and medical conditions (33 comparisons) were one family.
Results
Between November 2003 and August 2004, 2,873 individuals aged 65 years or older were selected for inclusion in the study, with 2,149 (74%) providing data. A total of 1,887 of these participants were free of disability. Figure 1 provides details of study recruitment and follow-up. It also includes the number of eligible participants at each data collection wave, those who died and those who were lost to follow-up. The mean age of those who were followed up was 72.1 years. Table 1 describes the characteristics of participants who were followed up compared with those who were not followed up to the last assessments in 2009. Table 2 shows the proportion of chronic conditions in the sample. Also shown in the same table are the weighted proportions of participants with pairs of comorbid medical or pain conditions in the study. Sensory impairments (vision and hearing) and probable dementia were the least comorbid with other medical conditions, while heart disease was the most comorbid with other medical conditions. Among comorbidities investigated, the co-occurrence of heart disease and angina was the most common (Table 2 ). Arthritis and back/neck pain were the most comorbid with other pain conditions.
The association between having comorbid medical and pain conditions with incident or persistent disability is shown in Tables 3  and 4 (also see Supplementary Table 2 ). By 2007, 234, or 12.4%, of persons who were free of disability at baseline had become disabled ( Table 3 ). In the same table, 117 and 106 incident disability was ascertained in the 2008 and 2009 waves, respectively. Having a pain condition was associated with incident disability in 2008 (RRR = 4.7, 95% CI = 2.0-11.0). Table 4 contains the result of the assessments of incident disability in a single wave of 5 years (2003/2004-2009) . In that measurement, we identified 457, or 24.2%, of the participants with incident disability. Having a nonspecific pain condition was the main predictor of disability (Table 4 ). There were no significant associations between having a chronic disease and persistent disability after Bonferroni corrections (see Supplementary Table 2) .
Discussion
This was a large multiwave investigation of the associations of several chronic conditions with disability in the elderly living in a subSaharan African community. We found that having a chronic pain condition, especially when nonlocalizing, was the main predictor of incident disability in the study. According to our findings, dementia, which is often associated with disability in elderly populations across the world, was associated with death within the 5-year period of this study.
These results are consistent with the projected burden of chronic conditions in the elderly living in sub-Saharan Africa (2-4,22-25), with suggestions that musculoskeletal pain may be among the chronic conditions most likely to be associated with years of healthy life lost due to disability, while dementia may be associated with years of life lost due to early death of the elderly in this population. When using "implicit societal weights" and projecting to 2020, the GBD studies suggested that musculoskeletal pain, along with sensory impairment (vision and hearing) may be the highest ranking disorders in terms of years lived with disability in the elderly living in the region (1). On the other hand, a review of surveys, all cross-sectional, using direct measurements of disability across a total of nine LMICs (4, (26) (27) (28) (29) (30) (31) , as well as the previous cross-sectional analyses in the ISA cohort (5, 6) suggest that conditions such as depression may also be associated with high levels of disability in countries such as Nigeria.
The plausible effect of reverse causality between, for example, depression and disability in cross-sectional analyses may result in larger sizes of association between these conditions. Similarly, the impact of conditions such as rheumatoid pain, which may be associated with disability overtime (26, 31) , may be underestimated in cross-sectional investigations. This is because cross-sectional analyses are inadequate in providing robust evidence for the direction of association between the relevant health conditions with disability overtime. In the present study, we have investigated the association of several chronic conditions on functional limitation assessed in multiple waves over a period of 5 years. We think that this approach, which may be qualitatively similar to the conceptual framework of the "years lived with disability" as approximated in the GBD studies, can provide a more direct estimate of the differential impact of those health conditions on disability in the short and medium terms. For instance, short-term relapse and remitting disability, which occurs in some categories of depression (32), may be qualitatively different from the chronically unremitting disability that may be associated with many causes of back pain.
Given these possibilities, the absence of an association between, for example, depression and disability in the present analyses may be understandable in terms of the heterogeneous nature of the syndrome. Some clinical depressions may be transient, others may be recurrent, while another fraction may be chronic or intractable (32). Therefore, since we have investigated the association of the conditions with disability over a period of 3-5 years, we may have systematically underestimated the effect of depression occurring for a shorter period of time. In the same way, we may have identified larger associations for chronic pain conditions which are often associated with more sustained levels of disability (33) . There are several possible reasons for our inability to demonstrate an association between the chronic conditions in this study and persistent disability. First, because of high numbers of those who died or were lost to follow-up, only 10% of the disability-free sample met criteria for persistent disability. This may have affected the power to find a difference between the group with persistent disability and those that could not be described as having such dimensions of disability in the present study. In line with this observation, we note that while dementia was not statistically associated with new onset or persistent disability, it was associated with the cumulative deaths over the 5-year period of the study. Perhaps many of the participants with dementia had died before they were due for follow-up assessments for functional limitations.
Second, we have considered the association of chronic diseases ascertained at baseline only, with persistence of disability over the follow-up period. A high incidence of some of the chronic conditions in the studied population, for example, depression (34) , which is also known to be associated with disability, may reduce the power to find a statistical difference in disability ratings during follow-up, between those with or without such diseases at baseline. This is also true for conditions such as heart diseases, which may be characterized by sudden and unexpected onset and disability during follow-up. In this way, many participants not reporting conditions characterized by high incidence rates in 2003/2004 may still end up developing those conditions and, perhaps, the associated disability during the follow-up waves.
We have identified some of the chronic conditions in this cohort by the method of clinical assessments, and others by self-reports of clinician diagnoses. While the use of self-reports is a valid methodology (18), we note that in settings such as sub-Saharan Africa where access to quality healthcare may not be universal, individuals who are better educated and have higher economic power may be more likely to obtain information about their health status and therefore provide more reliable self-report of their health. On the other hand, the possibility exists in these settings that a greater disease burden may be present in the more socioeconomically deprived participants, reflecting differences in access to quality health care. Whereas, we did not find a systematic difference in educational attainment between those who were followed up to the end point of 2009 and those who were not, those who dropped out belonged to the lowest socioeconomic category. In all, the combination of our reliance on self-report for some of the conditions as well as the problem of differential attrition may have led to an underestimation of the disability associated with many of the diseases investigated. However, because we did not find a significant difference between the self-reported health status of those who were followed up to the end point of the study and those who were not, we were unable to make accurate inferences about the direction and magnitude of any biases that might have been due to differential attrition in the present study. On the other hand, our sample selection procedure, spread over a wide geographical area, would suggest that the findings from this study may be generalizable to other sub-Saharan African communities.
In conclusion, musculoskeletal pain appears to be the most disabling among chronic conditions in older persons surviving for up to 5 years in these sub-Saharan African communities. Dementia, which has been associated with disability in elderly populations across the world, led to early death in this sample. Thus, reducing the contribution of dementia to years of healthy life lost due to disability in this population, but increasing its contribution to years of life lost due to earlier death in older adults. This would suggest 
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